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Abstract
Introduction
Dengue is endemic in more than 100 countries, mainly in tropical and subtropical regions,
and the incidence has increased 30-fold in the past 50 years. The situation of dengue in
China has become more and more severe, with an unprecedented dengue outbreak hitting
south China in 2014. Building a dengue early warning system is therefore urgent and neces-
sary for timely and effective response.
Methodology and Principal Findings
In the study we developed a time series Poisson multivariate regression model using im-
ported dengue cases, local minimum temperature and accumulative precipitation to predict
the dengue occurrence in four districts of Guangzhou, China. The time series data were de-
composed into seasonal, trend and remainder components using a seasonal-trend decom-
position procedure based on loess (STL). The time lag of climatic factors included in the
model was chosen based on Spearman correlation analysis. Autocorrelation, seasonality
and long-term trend were controlled in the model. A best model was selected and validated
using Generalized Cross Validation (GCV) score and residual test. The data from March
2006 to December 2012 were used to develop the model while the data from January 2013
to September 2014 were employed to validate the model. Time series Poisson model
showed that imported cases in the previous month, minimum temperature in the previous
month and accumulative precipitation with three month lags could project the dengue
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outbreaks occurred in 2013 and 2014 after controlling the autocorrelation, seasonality and
long-term trend.
Conclusions
Together with the sole transmission vector Aedes albopictus, imported cases, monthly mini-
mum temperature and monthly accumulative precipitation may be used to develop a low-
cost effective early warning system.
Author Summary
Dengue has emerged as the most important mosquito-borne viral disease globally. With in-
creasing global trade and population movement, the disease is transferred to regions which
were previously dengue free. When dengue vector exists and weather factors are suitable,
there is the possibility for dengue transmission and even outbreaks happening. Dengue is
still believed to be a non-endemic disease in China, with imported cases playing a vital role
in local dengue transmission. The situation of dengue is becoming more and more severe
with two successive large outbreaks hitting southern China in 2013 and 2014, and the den-
gue outbreak in 2014 was unprecedented. In this study, we aim to develop a dengue fore-
casting model that would provide an early warning of dengue outbreak to allow local
health authorities and communities to implement timely effective control measures. Our
model showed that imported cases in the previous month, monthly minimum temperature
in the previous month and monthly accumulative precipitation with three month lags
could predict dengue outbreak ahead by one month. We concluded that these variables
could be used to develop an early dengue warning model to provide evidence-based deci-
sions for disease control and prevention and including the utilization of limited resources.
Introduction
Dengue is an arthropod-borne disease caused by dengue virus (DENV 1–4) belonging to the
Flaviviridae family, with the transmission vectors being Aedes aegypti and Aedes albopictus [1].
Dengue is endemic in more than 100 countries worldwide, mainly in tropical and subtropical
regions [2]. Recent global estimates indicate that 390 million people have dengue virus infec-
tions with 96 million cases annually [3]. Its incidence has increased 30-fold in the past 50 years
[4]. Because of unprecedented population growth, globalisation with increased population
movement, uncontrolled urbanisation, climate change, breakdown in public health infrastruc-
ture and vector control programs, dengue is the most prevalent and rapidly spreading mosqui-
to-borne viral disease affecting human beings [1].
WHO has defined a global strategy for dengue prevention and control, aimed to reduce mor-
tality and morbidity from dengue at least 50% and 25% by 2020 respectively (using 2010 as the
baseline) [4]. Evidence-based decisions are essential to prevent and control dengue transmis-
sion. A dengue early warning system will be helpful to provide evidence for decision-makers.
Human movement has been identified as one of key factors in determining the transmission
dynamics of dengue disease [5]. Movements into high-risk areas lead to individual infection, and
also contribute to local transmission when infected individuals return to their homes where local
transmission vectors establish. Madeira, Portugal reported the first major outbreak of dengue in
2012, which was probably caused by the virus imported from Venezuela [6]. Yunnan Province of
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China, bordering Cambodia, Thailand and Vietnam reported the first dengue outbreak in 2013
[7] and in the same year the first dengue outbreak occurred in Henan Province located in the
central China [8]. Because of population movement and establishment of Aedes albopictus, local
dengue transmission occurred in France twice in 2010 and 2013, respectively [9,10].
Many researches have studied the association between climatic factors and dengue inci-
dence. Among the climatic factors, temperature and precipitation contributed the most in sta-
tistical models [11]. Temperature and precipitation can influence dengue transmission via
their impact on the vector population, directly and indirectly [12]. Temperature can impact
vector population development and reproductive rates [13]. It is also critical to vector capacity:
increased temperature decreases the extrinsic incubation period (EIP), the time taken for mos-
quitoes from imbibing an infectious blood meal to becoming infectious [14]. It may also affect
human behaviour [12]. Precipitation can provide breeding sites and stimulate egg hatching,
which leads to an increase in the number of mosquitoes [15]. Based on the relationship be-
tween these climatic factors and dengue occurrence, temperature and precipitation were often
used to predict or project dengue transmission [16,17].
Since the first dengue outbreak occurred in 1978, dengue has been detected in China for
nearly 40 years. Local dengue transmission has been identified in Guangdong, Guangxi, Hai-
nan, Yunnan, Fujian, Zhejiang, and Henan Provinces [8,18]. Two consecutive large outbreaks
occurred in Southern China in 2013 and 2014, of which Guangdong Province has had an un-
precedented dengue outbreak including 21,511 notifiable cases and six fatalities (up to Septem-
ber 2014, the cases from China Notifiable Reporting System) in 2014. Guangdong Province is
located in South-eastern China, and has a subtropical monsoonal climate. The population ex-
change between Guangdong Province and Southeast Asia is very frequent [19]. Several dengue
outbreak occurrences in Guangdong Province were caused by imported cases from Southeast
Asia [19,20,21]. Several studies have been conducted to identify the relationship between cli-
matic factors and dengue transmission in Guangdong, yet no real predicting model has been
developed [22,23,24]. Given there is no medication which could effectively treat dengue pa-
tients [25] and no multivalent dengue vaccines available, preventative measures are crucial in
the disease control. An early warning system, based on existing variables, is the backbone of
prevention of local cases and possible outbreaks occurring. In this study, we use imported cases
and climatic factors to build a low-cost early warning system, capable of predicting dengue out-
break to enhance decision-making capacity.
Materials and Methods
Ethics statement
Ethical approval for this project was obtained from the Chinese Center for Disease Control and
Prevention Ethical Review Committee (No. 201214) and patient data used in the study were
de-identified.
Study areas
Guangzhou city is the capital of Guangdong Province, with the highest population density in
southern China. Guangzhou is the centre for transportation, industry, finance and trade in
southern China and has a large demographic exchange in business, tourism and labour service
within Southeast Asia, Africa and the Indian subcontinent. Guangzhou city consists of 12 dis-
tricts/counties. Given most dengue cases located in Baiyun district, Yuexiu district, Liwan dis-
trict and Haizhu district, accounted for 74.4% of all cases reported in the 12 districts, we chose
the four districts as our study areas, with an area of 979.09 km2 and population of 5.81 million
in 2013 (Fig 1).
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Data collection
Records of dengue cases between 2006 and 2014 were obtained from the China Notifiable Dis-
ease Surveillance System. All dengue cases were diagnosed according to the China National Di-
agnostic Criteria for dengue (WS216-2008) [26]. Information of dengue cases included age,
gender, occupation, date of onset, whether the diagnosis was clinical or confirmed by laborato-
ry test, local case or not. The criteria of imported or local cases used in [12] was cited.
Monthly weather data between March 2006 and September 2014 were obtained from the
China Meteorological Data Sharing Service System (http://cdc.nmic.cn/home.do), including
monthly minimum temperature, monthly accumulative precipitation. There are two meteoro-
logical stations in Guangzhou city (Fig 1), and the climate dataset used was monitored by mete-
orological station A which is able to represent the weather situation in the study areas. The
population data over the study period for every district were retrieved from the Guangdong
Statistical Yearbook.
Statistical analysis
Seasonal-trend decomposition procedure based on loess. Seasonal-trend decomposition
procedure based on loess (STL) was used to decompose a time series into seasonal, trend, and
remainder components using loess [27]. The time series data, the seasonal component, the
trend component and the remainder component were denoted by Yt, St, Tt, Rt respectively, for
t = 1 to N. Then
Yt ¼ St þ Tt þ Rt
The parameter “periodic” was used on the seasonal extraction, and the other parameters
were by default. In the study, Yt specifically stands for local dengue cases with logarithm trans-
formation, monthly imported cases, monthly minimum temperature, monthly accumulative
precipitation with logarithm transformation; t is time in unit of month.
Fig 1. The study areas in Guangzhou city, China.
doi:10.1371/journal.pntd.0003808.g001
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Time series Poisson regression model construction. Initially, Spearman correlation anal-
ysis was applied to identify the correlation between dengue occurrence and minimum tempera-
ture and accumulative precipitation with 6 month lags. The correlation results were presented
in S1 Table.
We established a time series Poisson regression model to identify the relationship between
climatic factors and local dengue incidence. Because the climatic variables with different time
lags were highly correlated, only minimum temperature and accumulative precipitation with
some month lag based on the spearman correlation result were used to construct the model.
Model construction was based on the Generalized Cross Validation (GCV) score. Current den-
gue cases may be influenced by cases in the past. We analysed the period of this influence by
autocorrelation function (ACF) and partial autocorrelation function (PACF). It is still charac-
teristic that dengue is an imported disease in China, our previous study showed that imported
cases in the previous month influenced the current dengue occurrence [12]. We applied cubic
spline function on these risk factors to allow a non-linear exposure and response association
between risk factors and dengue occurrence.
We modeled the predictors as smooth cubic spline functions given 3 degrees of freedom (df)
each [28]. The sensitivity of the trend was tested by setting df to be 4, 5, 6. We used quasi-Poisson
model to allow for over-dispersion of data. A best model was selected and validated using GCV
score and residual test. The data fromMarch 2006 to December 2012 were used to develop the
model and the data from January 2013 to September 2014 were employed to validate the model.
LogðmtÞ ¼ b0þ SðLogðlocalt1Þ; dfÞ þ SðMinTtm; dfÞ þ SðLogðPrepttnÞ; dfÞ þ SðImpt1; dfÞ
þ yearþmonthþ offsetðlogðpopÞÞ
μt represents predicted mean dengue cases in month; S(Log(localt-1),df) denotes cubic spline of
autoregressive terms of dengue cases in the previous month with logarithm transformation with
corresponding df; S(MinTt-m,df) denotes cubic spline of minimum temperature with correspond-
ing df; S(Log(Preptt-n),df) represents cubic spline of accumulative precipitation with logarithm
transformation with corresponding df; S(Impt-1,df) denotes cubic spline of imported cases in the
previous month with corresponding df; year was used to control long-term trend [29]; month
conducted with categorical variable was used to control the seasonality [29]; offset(Log(pop))
was accounted for changes in size of the population [16]. All the analyses were performed by R
3.1.1 [30].
Results
China Notifiable Disease Surveillance System was notified of 15,221 cases, including 15,118
local cases and 103 imported cases between March 2006 and September 2014 in the study
areas, with the accumulative local dengue incidence 259 per 100,000. Three large outbreaks oc-
curred in 2006, 2013 and 2014, with the local dengue incidence 9.94, 18.00, and 203.82 per
100,000 respectively. The incidence in 2014 was 3.7 fold than the accumulative incidence from
2006 to 2013. Local dengue occurrence had a seasonal pattern and the epidemic months were
from August to November. The decomposition result showed that dengue incidence had an in-
creased trend, especially from 2009 to 2014. Cases imported to Guangzhou also had a seasonal
pattern with June, August and October having more imported cases. The result also showed
that the number of imported cases had an increased trend pattern. Accumulative precipitation
and minimum temperature had seasonal distribution, which were prone to have more precipi-
tation and higher temperature in April-September and May-October, respectively. The accu-
mulative precipitation had an increased trend after 2011, but the minimum temperature had a
decreased trend (Fig 2) (S2 Table).
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The climatic factors finally included in the model were minimum temperature in the previ-
ous month and accumulative precipitation with three month lags (S3 Table) (S4 Table). The
time-series Poisson model showed that dengue incidence was positively associated with local
dengue incidence in the previous month, imported cases in the previous month, minimum
temperature in the previous month, positively associated with accumulative precipitation with
three month lags. While the estimated effect of minimum temperature had a linear relationship
Fig 2. The decomposition plot of the time series in the study areas fromMarch 2006 to September 2014. A) The decomposition plot of local dengue
cases with logarithm transformation; B) The decomposition plot of imported cases; C) The decomposition plot of monthly minimum temperature; D) The
decomposition plot of monthly accumulative precipitation. The top layer shows the original time series. The other layers show the decomposed components,
denoting the seasonal component, long term trend component and remainder component, respectively.
doi:10.1371/journal.pntd.0003808.g002
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with the dengue occurrence, the estimated effect of accumulative precipitation was non-linear,
more precipitation with three month lags associated with more possibility of dengue occur-
rence. The estimated effect of imported cases in the previous month was also non-linear for
dengue occurrence, the effect of imported cases in number 3 and 4 was larger than imported
cases in number 1 and 2 (Fig 3).
The R2 of our model was 0.98, with deviance explained 95.4%. The fitted result shown in Fig
4 exhibited a good fit of the model. The residual test by autocorrelation function (ACF) and
partial autocorrelation function (PACF) showed residuals were not correlated (S1 Fig). The
forecast result showed that the optimal model could predict the large dengue outbreaks which
occurred in 2013 and 2014 (Fig 5).
Discussion
This study showed that imported cases, minimum temperature and accumulative precipitation
could be used to build a low-cost effective dengue early warning model in Guangzhou. Based
on these predictors, we may be able to predict large dengue outbreaks one month ahead in
Guangzhou and other regions with similar climatic and demographic characteristics, after con-
trolling the autocorrelation, seasonality and long-term trend.
Several studies have been conducted to develop dengue early warning system based on
weather factors [16,31,32,33], but these studies were mainly conducted in endemic regions and
the transmission vector was Ae. aegypti. There are two major characteristics of dengue in
China: 1) dengue is an imported disease [34]; and 2) the main transmission vector is Ae.
Fig 3. The estimated effects of local cases in the previous month with logarithm transformation (A),
imported cases in the previousmonth (B), minimum temperature in the previousmonth (C) and
cumulative precipitation with three month lags with logarithm transformation (D) on local dengue
incidence.
doi:10.1371/journal.pntd.0003808.g003
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albopictus (the sole transmission vector in Guangzhou). Many travellers to Guangzhou come
from Southeast Asia including Indonesia, Philippines, Malaysia, Thailand, and Vietnam.
Southeast Asia is an epicentre of dengue and our previous study showed the imported cases in
Guangzhou were mainly from Southeast Asia [12]. Furthermore, there is an argument that
dengue originated from Africa [35,36], and evidence shows that dengue outbreaks are increas-
ing in size and frequency in Africa [4]. The number of Africans travelling to Guangzhou has
been significantly increasing in recent years, which may increase the risk of dengue virus im-
ported to Guangzhou. In fact, a report suggested that the dengue outbreak occurred in
Fig 4. Monthly reported local dengue cases and fitted dengue cases fromMarch 2006 to December 2012.
doi:10.1371/journal.pntd.0003808.g004
Fig 5. Forecasted dengue cases versus reported local dengue cases from January 2013 to September 2014. The dashed lines represented 95%
credible intervals of forecasted dengue cases.
doi:10.1371/journal.pntd.0003808.g005
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Guangzhou was caused by an imported case from Tanzania in 2010 [37]. The imported cases
in our study had an increased trend corresponding to dengue occurrence. A study conducted
in Taiwan, China demonstrated that imported cases served as initial facilitators for possible
dengue transmission and the effect of imported cases could last 14 weeks [38]. The population
density increased linearly reaching 6425.4/km2 in our study area in 2013. Densely populated
conditions provide more susceptible population and suitable Aedesmosquito larval habitats
[39], which makes the imported virus dispersed more possible.
Endemicity has not been established in some areas for climates that may not support year-
round viral transmission. Therefore, local climate also plays a crucial role in dengue transmis-
sion besides imported cases in China. Ae. albopictus is considered to be one of the world’s fast-
est spreading invasive animal species and has colonized every continent except Antarctica [40],
of which temperature plays a crucial role in the population establishment. Temperature also
plays an important role in dengue transmission mediated by Ae. albopictus. Dengue transmis-
sion is only achieved when the longevity of the Ae. albopictus exceeds the EIP. The EIP de-
creased when temperature increased from 18°C to 31°C, and dengue virus might not be
transmitted by Ae. albopictus at temperatures below 18°C [41]. Furthermore, temperature can
also influence the mosquito dynamics by determining their first gonotrophic cycle (FGC), the
time between taking a blood meal and first oviposition. Study showed that the length of FGC
decreased non-linearly when temperature increased [42]. A greater of proportion of mosqui-
toes survive the EIP and FGC, thus they are more likely to deliver virus or oviposit a greater
number of eggs. Temperature not only impacts the FGC of Ae. albopictus, but also influences
the immature development. Ae. albopictus developed more quickly at higher temperature with-
in the range of 20–30°C [13,43]. Our results showed that the effects of temperature linearly in-
creased when temperature increased. The decomposition result of minimum temperature
showed that the minimum temperature had a decreased trend over the study period, but the
minimum temperature was above 18°C fromMarch to October, which fulfilled the possibility
of dengue transmission.
Ae. albopictus can breed in both domestic and peri-domestic containers. The Ae. albopictus
breeding sites in Guangzhou included flower plot trays, bamboo tubes, metal containers, ter-
rariums, stone holes, ceramic vessels, plastic containers, gutters, used tyre dumps, surface accu-
mulated water, and disposable containers [44]. The residents living in the study areas are
familiar with raising flowers named evergreen and lucky bamboo cultured with pure water,
and they are reluctant to refresh the water for fear of suppressing flower growth. In addition,
many residents in these areas enjoy decorating roofs with hanging gardens directly exposed to
the outside. The hanging gardens, flowers indoors and garden breeding sites, create the charac-
teristics of spatial distribution of breeding sites. Heavy rain can flushes away the egg, larvae and
pupae of Aedesmosquitoes in the short term, but rainfall can create huge breeding habitats for
mosquito in the long run. Therefore, it is reasonable that more precipitation with three month
lags had increased the effect of dengue transmission in current month. A study conducted in
Taiwan, China showed that extreme precipitation influenced the dengue occurrence with 70
day lagged effects [45]. Real estate developments and urbanisation increased over these years in
Guangzhou, and construction sites created ideal conditions for mosquito breeding. It is re-
ported that dengue outbreaks occasionally occurred at the construction sites in the study areas.
In recent years, dengue became more and more serious in Guangzhou, China and the record
of dengue cases in 2014 is unprecedented in nearly 40 years. China has had to face the unprece-
dented challenges for dengue control and prevention, both currently and into the future. Given
there is no effective medication and vaccination, mosquito control is still the only effective way
to prevent and control dengue occurrence and outbreak. Although some novel interventions,
for example, wolbachia [46,47] and genetic modification [48] have made rapid progress in the
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control of Ae. aegypti, no achievement has been made in Ae. albopictus. Therefore, routine in-
terventions on mosquito control, for example breeding sites eradication and eliminating adult
mosquito are still the main approaches being used. At population level, it is very important to
establish an effective platform to get different stakeholders working together for the disease
control and prevention, including government organisations, CDCs and local communities. To
establish a dengue early warning system will be an important step in this regard, as it will play a
crucial role in dengue control.
A further step, we will develop a user-friendly platform integrating data including dengue
cases from China Notifiable Disease Surveillance System, meteorological data from China
Meteorological Data Sharing Service System and analysis model. The platform will be config-
ured in Guangzhou CDC and automatically predict the dengue cases occurrences in an upcom-
ing month. The predicted outbreak message will be sent to district CDCs and public health
decision-makers for further response. The district CDCs will validate the predicted outbreak
and intensify the entomological surveillance. A proposal will then be submitted to local govern-
ment departments such as Health, Community Service, Emergency management, to advocate
and mobilise the community promptly to eradicate mosquito breeding sites and eliminate
adult mosquito. The designated organisations will be responsible for public places to manage
mosquito density. The platform will be piloted for one or two years. Based on the sensitivity
and specification of outbreak predicting, the parameters will be revised and then put into prac-
tice on a large scale.
Supporting Information
S1 Fig. Autocorrelation (A) and partial autocorrelation (B) of residuals in Guangzhou.
(TIF)
S1 Table. The spearman correlation result between local dengue occurrence and climatic
factors.
(XLSX)
S2 Table. The seasonal component of the time series.
(XLSX)
S3 Table. The significant smoothing predictors included in the model.
(XLSX)
S4 Table. The top ten models as GCV scores.
(XLSX)
Author Contributions
Conceived and designed the experiments: SS QL. Analyzed the data: SS SG. Contributed re-
agents/materials/analysis tools: SS WY ZY LX JY XL TJ HW. Wrote the paper: SS PB CC.
References
1. Guzman MG, Harris E (2014) Dengue. Lancet: 1–13. doi: 10.1016/S2214-109X(15)70024-0 PMID:
25638777
2. WHO (2015) Global Alert and Response. Impact of Dengue. [Cited 20 January 2015]. Avaliable: http://
www.who.int/csr/disease/ dengue/impact/en/.
3. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, et al. (2013) The global distribution and bur-
den of dengue. Nature 496: 504–507. doi: 10.1038/nature12060 PMID: 23563266
4. WHO (2012) Global strategy for dengue prevention and control. Geneva: World Health Organization.
Forecast of Dengue in Guangzhou
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003808 May 28, 2015 10 / 12
5. Stoddard ST, Morrison AC, Vazquez-Prokopec GM, Paz Soldan V, Kochel TJ, et al. (2009) The role of
human movement in the transmission of vector-borne pathogens. PLoS Negl Trop Dis 3: e481. doi: 10.
1371/journal.pntd.0000481 PMID: 19621090
6. Wilder-Smith A, QuamM, Sessions O, Rocklov J, Liu-Helmersson J, et al. (2014) The 2012 dengue out-
break in Madeira: exploring the origins. Euro Surveill 19: 20718. PMID: 24602277
7. Zhang FC, Zhao H, Li LH, Jiang T, HongWX, et al. (2014) Severe dengue outbreak in Yunnan, China,
2013. Int J Infect Dis 27: 4–6. doi: 10.1016/j.ijid.2014.03.1392 PMID: 25107464
8. Huang XY, Ma HX, Wang HF, Du YH, Su J, et al. (2014) Outbreak of dengue Fever in central china,
2013. Biomed Environ Sci 27: 894–897. doi: 10.3967/bes2014.125 PMID: 25374022
9. La Ruche G, Souares Y, Armengaud A, Peloux-Petiot F, Delaunay P, et al. (2010) First two autochtho-
nous dengue virus infections in metropolitan France, September 2010. Euro Surveill 15: 19676. PMID:
20929659
10. Marchand E, Prat C, Jeannin C, Lafont E, Bergmann T, et al. (2013) Autochthonous case of dengue in
France, October 2013. Euro Surveill 18: 20661. PMID: 24342514
11. Louis VR, Phalkey R, Horstick O, Ratanawong P, Wilder-Smith A, et al. (2014) Modeling tools for den-
gue risk mapping—a systematic review. Int J Health Geogr 13: 50. doi: 10.1186/1476-072X-13-50
PMID: 25487167
12. Sang S, Yin W, Bi P, Zhang H, Wang C, et al. (2014) Predicting local dengue transmission in Guang-
zhou, China, through the influence of imported cases, mosquito density and climate variability. PLoS
One 9: e102755. doi: 10.1371/journal.pone.0102755 PMID: 25019967
13. Farjana T, Tuno N, Higa Y (2012) Effects of temperature and diet on development and interspecies
competition in Aedes aegypti and Aedes albopictus. Med Vet Entomol 26: 210–217. doi: 10.1111/j.
1365-2915.2011.00971.x PMID: 21781139
14. Rohani A, Wong YC, Zamre I, Lee HL, Zurainee MN (2009) The effect of extrinsic incubation tempera-
ture on development of dengue serotype 2 and 4 viruses in Aedes aegypti (L.). Southeast Asian J Trop
Med Public Health 40: 942–950. PMID: 19842378
15. Christophers SR (1960) Aedes aegypti (L.): the yellow fever mosquito. Cambridge: The University
Press.
16. Hii YL, Zhu H, Ng N, Ng LC, Rocklov J (2012) Forecast of dengue incidence using temperature and
rainfall. PLoS Negl Trop Dis 6: e1908. doi: 10.1371/journal.pntd.0001908 PMID: 23209852
17. Colon-Gonzalez FJ, Fezzi C, Lake IR, Hunter PR (2013) The effects of weather and climate change on
dengue. PLoS Negl Trop Dis 7: e2503. doi: 10.1371/journal.pntd.0002503 PMID: 24244765
18. Wu JY, Lun ZR, James AA, Chen XG (2010) Dengue Fever in mainland China. Am J Trop Med Hyg
83: 664–671. doi: 10.4269/ajtmh.2010.09-0755 PMID: 20810836
19. Jing QL, Yang ZC, Luo L, Xiao XC, Di B, et al. (2012) Emergence of dengue virus 4 genotype II in
Guangzhou, China, 2010: survey and molecular epidemiology of one community outbreak. BMC Infect
Dis 12: 87. doi: 10.1186/1471-2334-12-87 PMID: 22497881
20. Chen S (2011) The origin of dengue viruses caused the DF outbreak in Guangdong province, China, in
2006. Infect Genet Evol 11: 1183–1187. doi: 10.1016/j.meegid.2011.03.025 PMID: 21473933
21. Peng HJ, Lai HB, Zhang QL, Xu BY, Zhang H, et al. (2012) A local outbreak of dengue caused by an im-
ported case in Dongguan China. BMC Public Health 12: 83. doi: 10.1186/1471-2458-12-83 PMID:
22276682
22. Fan J, Lin H, Wang C, Bai L, Yang S, et al. (2014) Identifying the high-risk areas and associated meteo-
rological factors of dengue transmission in Guangdong Province, China from 2005 to 2011. Epidemiol
Infect 142: 634–643. doi: 10.1017/S0950268813001519 PMID: 23823182
23. Wang C, Jiang B, Fan J, Wang F, Liu Q (2014) A study of the dengue epidemic and meteorological fac-
tors in Guangzhou, China, by using a zero-inflated Poisson regression model. Asia Pac J Public Health
26: 48–57. doi: 10.1177/1010539513490195 PMID: 23761588
24. Lu L, Lin H, Tian L, YangW, Sun J, et al. (2009) Time series analysis of dengue fever and weather in
Guangzhou, China. BMC Public Health 9: 395. doi: 10.1186/1471-2458-9-395 PMID: 19860867
25. WHO (2009) Dengue: Guidelines for treatment, pre-vention and control. Geneva: World Health
Organization.
26. Sun J, Lin J, Yan J, FanW, Lu L, et al. (2011) Dengue virus serotype 3 subtype III, Zhejiang Province,
China. Emerg Infect Dis 17: 321–323. doi: 10.3201/eid1702.100396 PMID: 21291623
27. Robert B. Cleveland, William S. Cleveland, McRae JE, Terpenning I (1990) STL: A Seasonal-Trend De-
composition Procedure Based on Loess. Journal of Official Statistics 6: 3–73.
28. Hii YL, Rocklov J, Wall S, Ng LC, Tang CS, et al. (2012) Optimal lead time for dengue forecast. PLoS
Negl Trop Dis 6: e1848. doi: 10.1371/journal.pntd.0001848 PMID: 23110242
Forecast of Dengue in Guangzhou
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003808 May 28, 2015 11 / 12
29. ZhangWY, GuoWD, Fang LQ, Li CP, Bi P, et al. (2010) Climate variability and hemorrhagic fever with
renal syndrome transmission in Northeastern China. Environ Health Perspect 118: 915–920. doi: 10.
1289/ehp.0901504 PMID: 20142167
30. Team RC (2014) R: A Language and Environment for Statistical Computing. In: Computing RFfS, edi-
tor. Vienna, Austria. doi: 10.1016/j.jneumeth.2014.06.019 PMID: 24970579
31. Gharbi M, Quenel P, Gustave J, Cassadou S, La Ruche G, et al. (2011) Time series analysis of dengue
incidence in Guadeloupe, FrenchWest Indies: forecasting models using climate variables as predic-
tors. BMC Infect Dis 11: 166. doi: 10.1186/1471-2334-11-166 PMID: 21658238
32. Eastin MD, Delmelle E, Casas I, Wexler J, Self C (2014) Intra- and interseasonal autoregressive predic-
tion of dengue outbreaks using local weather and regional climate for a tropical environment in Colom-
bia. Am J Trop Med Hyg 91: 598–610. doi: 10.4269/ajtmh.13-0303 PMID: 24957546
33. Descloux E, Mangeas M, Menkes CE, Lengaigne M, Leroy A, et al. (2012) Climate-based models for
understanding and forecasting dengue epidemics. PLoS Negl Trop Dis 6: e1470. doi: 10.1371/journal.
pntd.0001470 PMID: 22348154
34. Sang S, Chen B, Wu H, Yang Z, Di B, et al. (2015) Dengue is still an imported disease in China: A case
study in Guangzhou. Infect Genet Evol 32: 178–190. doi: 10.1016/j.meegid.2015.03.005 PMID:
25772205
35. Smith CE (1956) The history of dengue in tropical Asia and its probable relationship to the mosquito
Aedes aegypti. J Trop Med Hyg 59: 243–251. PMID: 13368255
36. Gaunt MW, Sall AA, de Lamballerie X, Falconar AK, Dzhivanian TI, et al. (2001) Phylogenetic relation-
ships of flaviviruses correlate with their epidemiology, disease association and biogeography. J Gen
Virol 82: 1867–1876. PMID: 11457992
37. Liang H, Luo L, Yang Z, Di B, Bai Z, et al. (2013) Re-emergence of dengue virus type 3 in Canton,
China, 2009–2010, associated with multiple introductions through different geographical routes. PLoS
One 8: e55353. doi: 10.1371/journal.pone.0055353 PMID: 23405138
38. Shang CS, Fang CT, Liu CM, Wen TH, Tsai KH, et al. (2010) The role of imported cases and favorable
meteorological conditions in the onset of dengue epidemics. PLoS Negl Trop Dis 4: e775. doi: 10.
1371/journal.pntd.0000775 PMID: 20689820
39. Gubler DJ (2011) Dengue, Urbanization and Globalization: The Unholy Trinity of the 21(st) Century.
Trop Med Health 39: 3–11. doi: 10.2149/tmh.2011-S05 PMID: 22500131
40. Bonizzoni M, Gasperi G, Chen X, James AA (2013) The invasive mosquito species Aedes albopictus:
current knowledge and future perspectives. Trends Parasitol 29: 460–468. doi: 10.1016/j.pt.2013.07.
003 PMID: 23916878
41. Xiao FZ, Zhang Y, Deng YQ, He S, Xie HG, et al. (2014) The effect of temperature on the extrinsic incu-
bation period and infection rate of dengue virus serotype 2 infection in Aedes albopictus. Arch Virol
159: 3053–3057. doi: 10.1007/s00705-014-2051-1 PMID: 24990415
42. Brady OJ, Golding N, Pigott DM, Kraemer MU, Messina JP, et al. (2014) Global temperature constraints
on Aedes aegypti and Ae. albopictus persistence and competence for dengue virus transmission. Para-
sit Vectors 7: 338. doi: 10.1186/1756-3305-7-338 PMID: 25052008
43. Delatte H, Gimonneau G, Triboire A, Fontenille D (2009) Influence of temperature on immature devel-
opment, survival, longevity, fecundity, and gonotrophic cycles of Aedes albopictus, vector of chikungu-
nya and dengue in the Indian Ocean. J Med Entomol 46: 33–41. PMID: 19198515
44. Xiao D (2008) Dengue control manual. 2 st ed. Beijing: People's Medical Publishing House.
45. Chen MJ, Lin CY, Wu YT, Wu PC, Lung SC, et al. (2012) Effects of extreme precipitation to the distribu-
tion of infectious diseases in Taiwan, 1994–2008. PLoS One 7: e34651. doi: 10.1371/journal.pone.
0034651 PMID: 22737206
46. Hoffmann AA, Montgomery BL, Popovici J, Iturbe-Ormaetxe I, Johnson PH, et al. (2011) Successful es-
tablishment of Wolbachia in Aedes populations to suppress dengue transmission. Nature 476: 454–
457. doi: 10.1038/nature10356 PMID: 21866160
47. Walker T, Johnson PH, Moreira LA, Iturbe-Ormaetxe I, Frentiu FD, et al. (2011) The wMel Wolbachia
strain blocks dengue and invades caged Aedes aegypti populations. Nature 476: 450–453. doi: 10.
1038/nature10355 PMID: 21866159
48. Harris AF, Nimmo D, McKemey AR, Kelly N, Scaife S, et al. (2011) Field performance of engineered
male mosquitoes. Nat Biotechnol 29: 1034–1037. doi: 10.1038/nbt.2019 PMID: 22037376
Forecast of Dengue in Guangzhou
PLOS Neglected Tropical Diseases | DOI:10.1371/journal.pntd.0003808 May 28, 2015 12 / 12
